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ABSTRACT 
Supraoptic  nuclei in  the  hypothalamus  of rats  were  fixed for  the electron microscope  by 
vascular  perfusion with solutions of glutaraldehyde followed by post fixation with osmium 
tetroxide. Cytochemical methods for detection of acid phosphatase  and thiamine pyrophos- 
phatase  activity have  been  applied  to  glutaraldehyde-fixed  frozen sections containing the 
neurosecretory cells. The enzyme activities have been  localized to certain Golgi cisternae. 
Acid phosphatase activity is present in the large (0.4 ~ to 1.0 #) granules or dense bodieswhich 
are surrounded  by a  single  limiting membrane;  both features characterize these structures 
as lysosomes. Smaller (0.1  #) granules  also present  in the perikarya  are generally unreactive 
towards  enzyme  activity and  resemble  in  form  the  neurosecretory  granules in  the neuro- 
hypophysis. 
A  prevalent  finding  common  to  recent  electron 
microscope  (EM)  studies  of  neurosecretory  cells 
has  been  the demonstration  of secretion  granules 
varying in  size  and  internal  structure  within  the 
neuroplasm.  Palay  (29)  has  reported  the appear- 
ance of secretory material,  in cells of the preoptic 
nuclei of goldfish, in the form of dense droplets of 
two  sizes,  roughly  0.1  /z  and  1.0  #  or  larger. 
Scharrer and Brown (33), and Bern et al.  (5), have 
also described secretion granules in neurosecretory 
cells of the earthworm,  and  the leech, cockroach, 
and frog, respectively. 
In mammalian secretory neurons the identifica- 
tion  of neurosecretory  material  is  not  altogether 
clear  from  EM  studies  thus  far.  Duncan  and 
Alexander  (7),  in the rat,  could find  "little or no 
specific  or  obvious  evidence  of  neurosecretion." 
The  numerous  vesicles  and  solid  spherules  that 
were  observed  were  not  restricted  to  cells of the 
supraoptic  nucleus,  but  were  also  found  in  other 
more typical neurons  as well. Murakami  (18),  on 
the other hand,  in his investigation of neurosecre- 
tory  cells in  the  hypothalamus  of the  mouse,  has 
distinguished  two kinds of granules,  a  small  (type 
I,  100 m# to 200 m~) and a large (type II, 400 m# 
to 600 m/~) granule. 
Previous  EM  observations of vertebrate  neuro- 
secretion  have  shown,  in  general,  that  the  secre- 
tion  product  consists  of  the  smaller  (100  m/~) 
granule  in  the  axonal  endings  of the  end-organs 
or  neurohypophyses  of mammals  (26,  27),  birds 
(6),  reptiles  (3),  and  amphibians  (10).  Palay  (29) 
has pointed out that the small granule is common 
to  most  species  examined  to  date  with  the  EM, 
and suggests that this entity could be the structural 
counterpart  of  the  neurohypophysial  hormones, 
and  that  the  larger  granules  or  droplets  are  in- 
volved in some other function.  In accord with this 
latter  suggestion,  Palay  also  mentions  "the  mor- 
phological  similarity  between  some  of  the  large 
droplets and lysosomes of other cell types." 
The work reported herein represents one aspect 
35 of  a  more  detailed  EM  study  of  neurosecretory 
cells  in  the  hypothalamus  of the  rat  currently  in 
progress.  It  is an  attempt  to  characterize  at  least 
some  of the  perikaryonal  inclusion  bodies  visible 
with  the  EM  in mammalian  neurosecretory  cells. 
MATERIALS  AND  METHODS 
Brain  tissue  for  EM  study  was  obtained  from  eight 
albino  rats  fed  laboratory  diets,  whose  mean  body 
weight  at  time of sacrifice was  225  gm.  The  method 
of  animal  preparation  and  vascular  perfusion-fixa- 
tion  used with the  majority  of animals is  essentially 
similar to  that  described  by  Palay et al.  (30),  except 
for  the  fixation  vehicle.  One  animal  was  sacrificed 
by decapitation  followed  by immersion-fixation. 
The  fixative  used in  all  eight  animals was glutar- 
aldehyde.  Two  modifications  of the  glutaraldchyde 
fixative were  tried  as follows: glutaraldehyde  25  per 
cent was diluted to 6.5 per cent with 0.1  M phosphate 
buffer  pH  7.2  (32).  Glutaraldehyde  25  per  ccnt 
(20  ml)  was  also  diluted  to  5.0  per  cent with  0.2  M 
sodium cacodylate (42.8 gm of Na(CH3)2AsO2.3H20 
in  1000 ml)  (33 ml)  and distilled water  (47 ml), this 
solution having a  pH of 7.2  (personal communication 
from Dr.  S. J.  Holt; see also reference  32).  The glu- 
taraldehyde solutions wcre perfused for 30 to 45 min- 
utes,  following  which  the  brain  was  dissected  free 
from the skull, transversely sectioned with fresh razor 
blades  into  1  to  3  mm  slices  and  immersed in fresh 
cold  fixation fluid; total  fixation times were  21/~ and 
4  hours. The tissue slices fixed in phosphate-buffered 
glutaraldehyde  were  washed  overnight  or  stored  in 
cold 0.1  M phosphate buffer pH  7.2 containing 0.22 M 
sucrose.  The  tissue  fixed in  cacodylate-buffered  glu- 
taraldehyde  was  treated  similarly  with  0.1  M sodium 
cacodylate-HCl  buffer pH  7.2 containing 0.25 M sucrose. 
Following  the  appropriate  buffer  wash  the  tissue 
slices were then frozen-sectioned at  10 and 40 #  with 
a  Sartorius  microtome  fitted  with  a  Super  Histo- 
Freeze  (Scientific  Products,  Charlotte,  North 
Carolina).  The  transverse  40  ~  frozen  sections  were 
then incubated  in  a  Gmnori  medium for  acid  phos- 
phatase  (11)  pH  5.0  for  15  to  30  minutes  at  37°C, 
rinsed in 0.05 ~  acetate buffer pH 5.0, then in  1.5 per 
cent acetic acid,  and again in the acetate buffer. The 
phosphate-buffered  tissue  was  given  an  additional 
wash  in  0.22  M  sucrose  preceding  the  Gomori  in- 
cubation.  Control  sections  were  incubated  in  an 
identical but substrate-free medium, or in a  complete 
medium  containing  0.01  M  NaF  to  inhibit  enzyme 
activity. 
Some  of the  40  /~  frozen  sections were  also  incu- 
bated  in  a  thiamine  pyrophosphate  medium  (TPP) 
following  the  procedure  outlined  by  Novikoff  and 
Goldfischer  (23).  Incubation  was  performed  at 
37°C for 5 to  15 minutes (30 minutes for light micros- 
copy).  Control  sections  of  all  TPP-incubated  slices 
were  immersed in  a  substrate-free  medium.  Several 
frozen  sections  were  doubly  incubated,  first  in  the 
acid  phosphatase  medium  (15  to  30  minutes), 
washed  as  already  described,  and  then  incubated  a 
second time  (15 to  30 minutes) in the TPP  medium. 
The  10/.~ frozen sections prepared  for light micros- 
copy were incubated in the appropriate  medium and 
then immersed in dilute  ammonium sulfide, washed, 
affixed  to  gelatinized  slides,  lightly  counterstained 
with  Lillie's  hemalum  and/or  saturated  picric  acid, 
dehydrated,  and mounted. 
In order  to  be certain that  the supraoptic  nucleus 
was being prepared for the EM,  areas containing the 
nucleus were  recognized  in  the  40 #  frozen  sections 
and cut out as small blocks  (3 x  3 ram); after incuba- 
tion  these  were  then  post  fixed  in  Palade's  osmium 
tetroxide  (26). 
The  supraoptic  nucleus  is  easily  identified  in  the 
transverse frozen sections of the brain; the bulk of the 
nucleus lies lateral  to  the optic  tract just anterior  to 
the posterior  limit of the optic  chiasma.  Usually the 
lateral  edge  of the  optic  tract  served  as  the  medial 
boundary of the small  (3 ram)  block;  this portion of 
the tract provided additional aid in the identification 
of the nucleus in the EM. Following postfixation with 
osmium tetroxide,  the tissue blocks  were  dehydrated 
in  ethyl  alcohol,  "cleared"  in  propylene  oxide,  and 
embedded in British (Ciba)  Araldite  (CY-212). 
The  final  embedding  medium was  poured  into  a 
polyethylene beaker  as a  layer 4  to  5  mm thick,  into 
which the tissues were placed.  Following polymeriza- 
tion  at  60°C,  the  Araldite  layer  or  disk  containing 
the tissues can be simply "popped"  out of the beaker, 
the  tissues cut free  from the  disk,  thus enabling one 
to  mount  the  tissue-Araldite  block  accurately.  Re- 
liable  orientation  can  be  obtained  by  affixing  the 
tissue block in desired position to a  preshaped Lucite 
plastic  plug  (to  fit  the microtome chuck)  with poly- 
ester wax. Further trimming can then be undertaken 
preparatory  to  fine  sectioning.  With  the  above-de- 
scribed  technique,  only  transverse,  thin  sections  of 
the  supraoptic  nucleus  were  cut,  thus  assuring the 
correct identification of this nuclear region. The same 
procedure  was  used  to  isolate  and  identify  other 
areas  such  as  the  hypothalamic  paraventricular 
nuclei  and  regions  of the  cerebellum. 
Both  the  Porter-Blum  and  Huxley  mierotomes 
fitted with glass knives were  used in thin  sectioning. 
Uranium  acetate  (35)  or  lead hydroxide  (16)  were 
applied  to  the  sections  as  required.  Electron  micro- 
graphs were taken on a  Philips  100-B electron micro- 
scope equipped with a  Ladd anode and a  25 #  objec- 
tive  aperture,  and used at  an accelerating voltage of 
60 kv.  Micrographs  were  taken  at  magnifications of 
5,000  to  30,000,  and  were  enlarged  photographi- 
cally as desired. 
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Light Microscopy 
TISSUE  INCUBATED  FOR  ACID  PHOSPHA- 
TASE : Deposits of the reaction product (lead sul- 
fide), indicating loci of acid phosphatase activity, 
were  found  in  the  neurosecretory  cells  of  the 
supraoptic nucleus. The reaction product is uni- 
formly dispersed throughout the cytoplasm of the 
secretory  neurons as  bodies measuring 0.4  #  to 
1.0 #  (Fig.  1). Occasionally the acid phosphatase- 
containing bodies assume a  perinuclear distribu- 
tion,  with  some  cells  containing more  reactive 
dense  bodies  than  others.  The  reactivity of  the 
neurosecretory cells  is in marked contrast to  the 
sparse  reaction  product  displayed  in  the  more 
typical  neurons  of  surrounding  hypothalamic 
areas. The pericapillary glial cells in the supraoptic 
nuclear region also show the presence of acid phos- 
phatase activity. 
OTHER  AREAS  EXAMINED  :  Discrete  acid 
phosphatase-containing  bodies are localized within 
the neurosecretory cells of the hypothalamic para- 
ventricular nuclei, and in the Purkinje cells of the 
cerebellum. Nuclear staining was not encountered 
in any of the sections incubated in Gomori me- 
dium, provided that one observed the precautions 
discussed  by Holt (13). 
Electron Microscopy 
NON-INCUBATED  TISSUE  :  The  secretory 
neurons of the supraoptic nucleus display a  well- 
developed Golgi apparatus (Fig.  3,  G), and con- 
tain,  as  well,  parallel-arrayed  profiles  of  rough 
endoplasmic reticulum (ns) not unlike the highly 
organized  Nissl  bodies  of  ordinary  nerve  ceils 
(see reference 31). 
The perikaryon of the neurosecretory cell con- 
tains, in addition to mitochondria (m) and neuro- 
filaments (nf), three kinds of formed elements (see 
Fig. 3): (a) membrane-bounded, "sac-like" struc- 
tures  (mvb) which  enclose  a  number  of  small 
vesicles;  this type of entity has been observed in 
oocytes and termed a multivesicular  body by Sotelo 
and Porter (34); (b) large, 0.4 to  1.0 #, electron- 
opaque bodies (db), structurally similar to the in- 
clusion bodies found in ordinary nerve cells  (see 
reterences 15, 31) and secretory nerve cells of other 
vertebrates (see references 18, 29), as well as to the 
lysosomes of other cell types; and (c) small, 0.1 #, 
granules (nsg) similar in morphology to the neuro- 
secretory granules found in the neurohypophysis of 
the rat (27, 28) and throughout the hypothalamo- 
neurohypophysial system  (Osinchak, in prepara- 
tion). 
Both the large dense bodies and small granules 
are limited by a single, smooth membrane about 
6 m/z thick. In Araldite-embedded, lead hydroxide- 
stained preparations the large dense bodies display 
a  coarsely  granular  internum  of  an  electron 
opacity higher than that of the cytoplasmic matrix, 
whereas the small granules with finely granulated 
centra are only faintly stained. In sections doubly 
stained in lead salts and in solutions of uranyl ace- 
tate, both types of formed elements appear to be 
of equal electron opaqueness. 
The small granule has a definite association with 
the  Golgi  apparatus  (see Fig,  3).  Continuity is 
frequently observed  between  the  Golgi lamellae 
and the smooth membranes of apparently mature 
granules.  Furthermore,  dense  aggregations  of 
material, suggestive  of granule formation, can be 
observed within the cisternae of the Golgi network. 
On  the  other  hand,  the  large  dense  bodies  are 
usually  dispersed  throughout  the  perikaryon 
without either direct connection with, or apparent 
morphological relationship to,  any particular cell 
organelle. Nothing has yet been observed that can 
be interpreted as intermediate stages  between the 
small  granules and  the  large  dense  bodies,  nor 
are  there  transition forms  evident  between  the 
large dense bodies and  the  multivesicular  bodies. 
Moreover, no association between the dense bodies 
and Golgi lamellae comparable to that of the small 
granules has so far been observed. 
In contrast with the uniform appearance pre- 
sented  by  the  small  granule,  many  structural 
variations are displayed by the large dense bodies; 
laminated-membrane  inclusions,  "ferritin-like" 
grains,  dense  spherules,  and  clear  vacuoles  are 
sometimes  observed  within  their  limiting mem- 
brane.  Occasionally,  in  preparations  of  certain 
animals, the dense bodies appear morphologically 
similar to "old age pigment" or lipofuscin granules 
in spinal ganglion cells (see reference 8). 
TISSUE  INCUBATED  FOR  ACID  PHOSPIIA- 
TASE  "  The reaction  product indicating the site 
of  acid  phosphatase  activity,  in  this  case  lead 
phosphate,  is  readily distinguishable in  electron 
micrographs  as an electron-opaque, granular, or 
rod-shaped precipitate. The lead reaction product 
has been employed as a lysosomal marker in other 
cell types (9,  14). It was not surprising, therefore, 
to discover the reaction product bound to the large 
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previously,  bear  some  structural  similarity to  the 
lysosomes in other,  non-neural  tissue. 
EM  survey  micrographs  of  low  magnification 
revealed the distribution  of reactive dense  bodies 
similar to the pattern  of acid phosphatase-positive 
structures  seen in the light microscope.  There can 
be  little  doubt  of  the  structural  identity  of  the 
reaction product visible with both optical systems. 
As  is  evident  in  Fig.  2,  the  pattern  of  the  lead 
precipitation varies within a  neurosecretory cell in 
that some of the dense bodies are reactive through- 
out  (db-1),  whereas  others  have  focal  points  of 
precipitation  (rib-2,  arrows)  and  another is devoid 
of  reaction  product  (db-3).  Note  the  absence  of 
precipitate  in  the  small  granule  (nsg-1),  and  the 
suggestion  of  reactivity  in  another  (nsg-2).  Acid 
phosphatase  activity  is  also  localized  within  the 
first  one  or  two  cisternae  of the  Golgi apparatus 
(Fig. 4).  In those sections examined thus far, only 
the  most  proximal  cisternae  of a  stack,  i.e.  those 
closest  to  the  nucleus,  contain  precipitate;  the 
reaction product is entirely surrounded  by smooth 
membrane.  Another element of the Golgi appara- 
tus most consistently reactive for acid phosphatase 
is the small Golgi vesicle (Fig. 4, gv). Those vesicles 
near the cisterna  (gc)  seemingly are more reactive 
than  the  more  distal  vesicles.  The  mitochondria, 
Nissl  substance  or  rough  endoplasmic  reticulum, 
and  nucleus  are not reactive for acid phosphalase 
activity. 
No  specific  reaction  product  was  observed  in 
control sections incubated  in either the substrate- 
free medium  or the complete medium containing 
sodium fluoride. Occasionally during the first trials 
in  which  phosphate-buffered  glutaraldehyde  was 
used, the incubated  sections contain a  generalized 
distribution  of fine  deposits  which,  however,  are 
easily distinguishable  from  the  more  dense,  com- 
pact,  specific reaction  product.  This  type  of arti- 
fact  probably  represents  the  effects of insufficient 
washing  and  hence  failing  to  remove  traces  of 
phosphate  buffer from the tissues.  Use of cacodyl- 
ate-buffered  glutaraldehyde  fixative  eliminates 
the  necessity  of an  additional  sucrose  wash,  and 
does  not induce  any  artificial  precipitation. 
TISSUE  INCUBATED  FOR  THIAMINE  PYRO- 
PHOSPHATASE:  In  neurosecretory  cells,  as  in 
ordinary  neurons  (see reference  23),  the  presence 
of  an  enzyme  acting  on  TPP  was  also  demon- 
strated  in  the  cisternae  of  most  stacks  of  Golgi 
lamellae. The localization of the reaction  product 
is usually confined to one or two cisternae (Fig. 5), 
resembling  that  of acid  phosphatase  activity,  but 
differing slightly in that the TPP reaction product 
is  distributed  along  the  entirety  of  a  Golgi  cis- 
terna and not confined to the terminal areas.  Sites 
of TPP reactivity are restricted to smooth-surfaced 
elements of the  Golgi apparatus,  and  no reaction 
product is observed in the large dense bodies.  The 
small  granules  are  also  unreactive  towards  TPP 
activity  except  in  those  cases  where  the  small 
granules  are  in  close  contact  with  reactive Golgi 
cisternae.  It can be seen in Fig.  5  that  the deposi- 
tion  of reaction  product  around  the centra  of the 
small  granules  (arrows)  obscures  that  normally 
clear  annular  zone  seen  in  granules  at  some  dis- 
tance  from  the  Golgi  apparatus.  It  should  also 
be pointed out that in Fig. 5 the increased electron 
opaqueness  of  the  small  granule  centra  them- 
selves  is  a  result  of  the  uranyl  acetate  staining 
applied  to  the  thin  section. 
TISSUE  DOUBLY  INCUBATED  FOR  ACID  PHOS- 
PHATASE  AND  THIAMINE  PYROPHOSPHATASE: 
FIGURE 1  Transverse  frozen s~ction  through  rat  hypothalamus,  incubated  in  Gomori 
medium  for acid phosphatase  activity for  80  minutes at  87°C.  Deposition  of  reaction- 
product is prominent in large cytoplasmic bodies (lysosomes)  in the secretory neurons of 
the supraoptic nucleus (son),  whMi lies adjacent to the optic tract  (OT). Counterstained 
with saturated picric acid.  X  8[~. 
FIGURE ~  Neuroseeretory cell, supraoptic nucleus  of tile rat, incuhated for acid phospha- 
tase activity for 15 minutes at 37°C. Two large dense bodies (db-1) display an accumulation 
of reaeti(m-product, whereas others (db-2) are only partially "stained", and another (db-3) is 
seemingly unrcaetive. The nucleus  (No),  mitoehondria  (m),  and  a  small neuroseeretory 
granule (nsg-1)  are also unreactive towards enzyme activity. However, note suggestion of 
reaction-product in small neurosecretory granule (nsg-2)  near Golgi apparatus  (G). Animal 
decapitated, fixed in glutaraldehyde caeodylate, and after incubation postfixcd in  osmium 
tetroxide. Araldite embedded, lead hydroxide stained.  X  75,000. 
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sible  to  observe  within  the  same  section  the 
reaction  product  of both  enzymes.  The  reactive 
Golgi  cisternae  are  usually  lined  by  precipitate 
throughout their lengths (Fig. 6), whereas in those 
sections  incubated  for  acid  phosphatase  alone, 
only the  terminal segment of a  reactive  cisterna 
is  outlined  by  reaction  product.  This  apparent 
difference  in  distribution  of  reaction  product 
suggests  the  localization of an acid  beta-glycero- 
phosphatase  within  the  Golgi  lamellae  (see  also 
reference  25).  However,  at this time, our incuba- 
tion procedures were not intended to test enzyme- 
substrate  specificities,  and  accordingly,  it  is 
conceivable that  any number of  the  nucleoside- 
diphosphatases which exist in the Golgi apparatus 
(23) may be responsible for the deposition of reac- 
tion product seen in the cisternae. 
Although no specific relationship was  observed 
between the Golgi apparatus and the large dense 
bodies in the doubly incubated material, localiza- 
tion of the  reaction  product  was  associated  with 
those small granules in intimate contact with the 
Golgi cisternae  (Gnsg)  as is evident in Fig.  7  (ar- 
rows)  (see also Fig. 6, arrow). Note the absence of 
precipitate in the "mature" granules (nsg) nearby. 
Acid phosphatase-positive dense bodies may be 
seen (Fig. 8, db) near elements of the Golgi appara- 
tus. Also shown is the characteristic appearance of 
some circular or semilunar Golgi cisternae contain- 
ing reaction product of both acid phosphatase and 
thiamine  pyrophosphatase  activities.  A  smooth- 
surfaced structure entirely surrounded by precipi- 
tate  is seen to  enclose tubular profiles of smooth 
endoplasmic reticulum (Fig. 8, set). Another circle 
of  unreactive  membranes  (arrows)  is  in  close 
spatial relationship to  a  well delineated,  reactive 
Golgi cisterna (c). 
DISCUSSION 
The fine structure of the neurosecretory cells in the 
supraoptic  nucleus of normal rats  as  observed  in 
this  study  does  not  essentially  differ  from  that 
described for similar ceils in the mouse (see refer- 
ence 18) in a report published while this study was 
in progress. The work reported herein was directed 
primarily  towards  differentiating  between  the 
formed  elements in  the perikaryon  of the  neuro- 
secretory  cell  by  cytochemical  methods.  It  also 
differs in that special efforts were made to assure 
the identity of the supraoptic nucleus in the EM. 
Electron microscopy of the tissue sections incu- 
bated  for  acid  phosphatase  activity  revealed 
prominent  sites  of  reactivity  in  the  large  dense 
bodies.  According to the terminology of Novikoff 
(19), such acid phosphatase-positive, single mem- 
brane-bounded granules may be defined as lyso- 
somes. 
The identification of the large dense body of rat 
neurosecretory  cells  as  a  lysosome  precludes  it 
from being considered a specific hormonal product. 
The evidence that distinguishes it morphologically 
and functionally from  the  small granule may  be 
summarized: This particular entity is not present 
in the axons of the secretory neurons at the level 
of the supraoptic nucleus, median eminence, or at 
the  terminal  endings  in  the  neurohypophysis of 
the rat  (Osinchak, in preparation).  No compara- 
ble, large granular structure has been identified in 
the hormone-rich fraction of the neurohypophysis 
(see reference  12).  The large dense body has been 
shown  in  this  study  to  possess  characteristics  of 
lysosomes which have been identified in a  variety 
of more  typical  neurons  (4,  20,  25),  and  which 
would  be  eliminated by  definition,  therefore,  as 
the hormonal product distinctive of the secretory 
neurons in the supraoptic nucleus. 
Acid  phosphatase  and  thiamine pyrophospha- 
tase activities have also been localized within the 
neurosecretory  cells  to  some  of  the  small  Golgi 
vesicles, and one or two cisternae of a Golgi stack; 
the reaction product is bounded by smooth mem- 
brane in each instance. Traces of precipitate have 
been noted in those small granules in intimate con- 
FIGURE 3  Cytoplasm of neurosecretory cell. Nissl  substance (ns) or rough endoplasmic 
retieulum occupies peripheral zone of cell. Golgi networks (G) are well developed and lie 
within the central zone, in close association with the small neurosecretory granules (nsg); 
notice the dense material enclosed within a Golgi cisterna (arrow) and suggestive of neuro- 
secretory granule formation. Mitochondria (m), large  dense bodies (db),  a  multivesicular 
body (mvb), and neurofilaments or canaliculi (nf) are dispersed  throughout the cytoplasm. 
Note the density difference between the large dense bodies (db) and small granules (nsg). 
Perfusion-flxation with glutaraldehyde-phosphate, postfixed in osmimn tetroxide. Araldite 
embedded, lead hydroxide stained. >( 44,000. 
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which  contain  small  dense  granules.  These  find- 
ings may be considered as providing cytochemical 
evidence for  the  elaboration  of the  small  neuro-- 
secretory granules from  the Golgi apparatus,  and 
substantiates  the  proposals  of  previous  investi- 
gators, based primarily on morphological evidence, 
that  the neurosecretory  granules  arise from Golgi 
cisternae  (see references 5,  29,  and  33). 
However,  an  alternative  explanation  for  the 
association  of acid phosphatase-positive  Golgi cis- 
ternae  with  the  small  neurosecretory  granules 
should  be  considered.  Acid phosphatase  is gener- 
ally  considered  to  be  lyric  in  nature,  and  its 
presence  in  reactive  cisternae  as  well  as  in  the 
small  neurosecretory  granules  in  immediate  con- 
tact could imply a degradative function.  It is con- 
ceivable,  though  unlikely,  that  the  small  neuro- 
secretory granules are being incorporated  into the 
Golgi  cisternae  where  subsequent  hydrolysis  of 
their content ensues. 
There  are  two  possible  explanations  for  the 
localization  of acid  phosphatase  (or  non-specific 
phosphatase)  and/or  thiamine  pyrophosphatase 
activities within  the  Golgi  apparatus  and  neigh- 
boring  small  neurosecretory  granules:  (a)  the 
enzyme(s)  may  be  directly  involved  in  the  syn- 
thesis,  or  "condensation,"  of  secretion  product 
(see also reference 24);  (b)  the enzyme(s)  may be 
entirely  unrelated  to  the  neurosecretory  process 
and  may be simply "carried over" as membrane- 
bounded  sites of activity into the smooth envelope 
of  the  small  neurosecretory  granule.  This  latter 
interpretation  derives some support from the find- 
ing  of aggregates  of dense  material  within  com- 
pletely unreactive cisternae and the "budding off" 
of  small  neurosecretory  granules  from  them. 
These  observations,  together  with  the  inability 
to detect signs of either thiamine pyrophosphatase 
or  acid  phosphatase  activity  in  the  "mature" 
neurosecretory  granules  of  the  nerve  axons  and 
terminals in the neurohypophysis,  suggest that the 
activity, when present,  is transient  and is not part 
of  the  permanent  nature  of  the  small  neuro- 
secretory  granule.  For  these  reasons  the  small 
neurosecretory granules in the secretory cell peri- 
karya could not appropriately be termed lysosomes. 
The possibility of diffusion or spread of reaction 
FIGURE -~  Golgi  complex  (G)  in  neurosecretory  cell.  Incubated  for  acid  phosphatasc 
activity for 15 minutes at 37°C.  Single Golgi eisterna  (gc)  is filled with reaction-product. 
Small Golgi vesicles  (gv) are also positive for enzyme activity. Increased contrast of rough 
endoplasmic reticulum  (rer)  due to heavy metal used in staining of thin section. Animal 
decapitated, fixed in glutaraldehydc-cacodylate, and after incubation postfixed in osmium 
tetroxide. Araldite embedded, lead hydroxide stained.  X  7%500. 
FIGURE 5  Golgi apparatus  (G).  Ineut)ated  for  thiamine  pyrophosphatase  activity for 
5  minutes  at  37°C.  Golgi cisternae  show reaction-product  entirely bounded  by  smooth 
membrane.  Clear zone around  dense centra of small graimles (nsg)  is obscured by a fine 
deposit of reaction-product in those granules  (arrows)  in intimate contact with the Golgi 
cisternae.  Notice the increased density of small granule eentra and ribosomal clusters (r) 
in  this  thin  section doubly  stained  with  lead hydroxide  and  uranyl  acetate.  Perfusion- 
fixation  with  glutaraldehyde-eacodylate,  and  after  incubation  postfixed  in  osmium 
tetroxidc. Araldite embedded.  X  73,000. 
FIGURE 6  Golgl apparatus  (G).  Incubated  for acid phosphatase  activity for 15 minutes 
at 37°C,  and then for thiamine pyrophosphatase  activity for  15 minutes at 37°C.  Golgi 
cisternae  lined  throughout  with  reaction-product  precipitate.  Small  "mature"  neuro- 
secretory granule (nsg) displays no reactivity, whereas granule that may be in the process 
of  "budding-off"  (arrow)  is positive for enzyme activity. Perfusion-fixation with ghltar- 
aldehyde-cacodylatc,  and  after  incubation  postfixed  in  osmium  tetroxide.  Araldite  em- 
bedded, lead hydroxide  stained.  X  75,000. 
FIGURE 7  Golgi cisternae. Doubly incubated, as described for Fig. 6. Dense aggregates of 
material  suggestive of  small  neurosecretory  granule  formation  (Gnsg)  within the  Golgi 
apparatus  bear traces  of reaction-product precipitate,  in contrast  to the unreactivity of 
nearby  "mature"  granules  (nsg).  An  adjacent  mitoehondrion  (m)  is  also  unreactive. 
Pcrfusion-fixation  with  glutaraldehydc-caeodylate,  and  after  incubation  postfixed  in 
osmium tetroxide. Araldite embedded, lead hydroxide stained.  X  78,000. 
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the  Golgi cisternae  to  closely adjacent  structures 
must  also  be  considered.  While  this  type  of un- 
certainty is especially pertinent to enzyme localiza- 
tion at the EM level, consistent localization of pre- 
cipitate to circumscribed sites, at minimal times of 
substrate  incubation,  is to be regarded  as specific 
and  significant.  The reactivity of the large  dense 
bodies or lysosomes and those Golgi cisternae posi- 
tive for acid phosphatase  is striking at incubation 
times of only 5  minutes.  When  incubation  up  to 
1  hour  was  employed,  a  marked  spread  of non- 
specific product occurred. Another consequence of 
longer incubation was the deposition of more lead 
phosphate  at the same reactive sites which tended 
to obscure the underlying fine structure. 
Acid  phosphatase  activity  was  not  observed 
throughout  the  entire  population  of dense  bodies 
or  lysosomes  encountered  in  any  particular  thin 
section.  Three  possibilities  may  be  considered  in 
explanation of this finding: (a) the reaction product 
is present in all dense  bodies but may not have a 
focal  point  of  localization  demonstrable  in  all 
planes of section; (b)  the enzyme, if it is present at 
all,  is in  too  low  a  concentration  to  be  detected 
by  the  methods  used;  (c)  the  unreactive  dense 
bodies,  although  morphologically  similar  to  lyso- 
somes,  do  not  possess  acid  phosphatase  activity. 
In regard to the possibility that there  may be two 
or more  classes of lysosomes,  Anderson  and  Song 
(1),  using  Barka's  method  for  acid  phosphatase, 
have  described  a  staining  pattern  in  neurons 
of  rat  brain  which  does  not  correspond  to  the 
granular  pattern  obtained  with  the  Gomori 
method.  In  view  of  this  last  possibility,  supple- 
mentary  cytochemical  methods  are  now  being 
applied  in  an  attempt  to  determine  the  chemical 
nature  of the  non-reactive dense  bodies. 
The origin of the dense  bodies or lysosomes re- 
mains undetermined  at present,  as no unequivocal 
morphological evidence has  been obtained  which 
depicts  dense  body  formation  in  the  secretory 
neurons.  Palay  (29)  has suggested  that  the "large 
secretory  droplets"  in  neurosecretory  cells  of the 
goldfish  (granules similar in size and  structure  to 
dense bodies in the rat) may originate from multi- 
vesicular bodies. Although this type of transforma- 
tion may exist, the supporting  morphological evi- 
dence  has  not  been  observed  in  the  secretory 
neurons of the rat.  Novikoff and  Essner  (21)  have 
supposed  that  "in liver cells, as in  other secretory 
cells and  neurons...  , lysosomes are  produced  by 
dilatation  and  separation  of portions  of the  Golgi 
cisternae."  The  localization  of acid  phosphatase 
activity within cisternae of the Golgi apparatus  as 
found  in  this study  is indeed  consistent with such 
an  assertion  (see  also  reference  25). 
It should  be pointed  out,  however,  that  in  the 
material  prepared  for  both  morphological  exam- 
ination  and  enzyme localization no  evidence was 
found  that  suggested  continuity  of  Golgi  mem- 
branes  with  the  limiting membrane  of the  dense 
bodies.  Structural continuity is readily discernible, 
on  the  other  hand,  with  respect  to  formation  of 
the small neurosecretory granule.  Since there is no 
direct evidence to support  the contention that the 
large dense bodies are formed from any Golgi ele- 
ment,  it  is  difficult  at  this  time,  with  this  ma- 
terial,  to relegate the function  of lysosomal dense 
body  production  to  the  Golgi  apparatus.  In  the 
secretory  neurons  of the  rat  the  finding  remains, 
however,  that  acid  phosphatase  activity  can  be 
demonstrated  in  Golgi cisternae  as well as in  the 
dense  bodies.  The  possibility  that  both  loci  of 
enzymatic  activity  are  independent  is  real,  as  is 
the  alternative  that  both  loci are  dependent  and 
related  through means undetectable in this study. 
An  alternative  proposal  as  to  the  nature  and 
possible  origin of lysosomes stems from  the  study 
of Ashford  and  Porter  (2)  who  suggest  that  lyso- 
FIGURE 8  Perinuclear  view  of  neurosecretory  cell.  Doubly  incubated  as  described 
for Fig. 6. Enzyme reaction product is localized in some of the large dense bodies (db) and 
a structure with a circular profile (set)  surrounded by a smooth surfaced nlembrane  and 
containing  membranous  tubules  and  vesicles.  Another  circle of  unreactive  membranes 
(arrows)  is ill close spatial relationship to a  reactive Golgi cisterna (c). A small neurose- 
cretory granule  (nsg)  and a  mitochondrion (m),  although in close apposition to  reactive 
organelles,  do  not  contain traces of reaction product.  The nucleus (Nc) of tile secretory 
neuron  has  a  well  developed nuclear  envelope  with  frequent  fenestrations  or  nuclear 
pores  (np).  Compare  cytological preservation  of this  vascularly perfused  specimen  to 
that  obtained  following  decapitation  and  immersion-fixation  as  depicted  in  Fig.  e. 
Perfusion-fixation  with  glutaraldehyde-cacodylate,  and  after  incubation  postfixed  in 
osmium tetroxlde. Araldite embedded, lead hydroxide  stained.  X  78,000. 
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sis" that are "automatically surrounded by a mem- 
brane".  Cytoplasmic bodies containing mitochon- 
dria, ribosomes, and rough endoplasmic reticulum 
have been  reported  (17)  in  epithelial  cells of the 
small intestine.  In our studies,  similar cell organ- 
elles  enclosed  by  smooth  membrane  derivatives 
have also been observed in the neurosecretory cells 
of normal and experimentally dehydrated  rats.  In 
tissues incubated for detection of acid phosphatase 
activity,  similarly  structured  bodies  have  been 
noted  (see  also  Fig.  8)  whose  outer membranous 
profile is  bounded  by  reaction-product;  whether 
these  complexly  structured  entities  should  be 
termed lysosomes or cytolysomes (see reference 21) 
is questionable. 
In marked contrast to the variety of possible ori- 
gins  for  the  lysosomes stands  the  consistent  rela- 
tionship observed between the small neurosecretory 
granule and the Golgi apparatus;  this relationship 
is not  shared  by the large dense  bodies.  The evi- 
dence  presented  in  this  study  indicates,  as  well, 
the cytochemical individuality of the perikaryonal 
inclusions;  at least some of the large dense  bodies 
have acid phosphatase  activity, while the mature, 
small  neurosecretory  granules  do  not?  These 
results  extend  the  obvious  morphological  differ- 
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